Two tecHniques were implemented, the Adomian decomposition method (ADM) and multivariate Padé approximation (MPA), for solving nonlinear partial differential equations of fractional order. The fractional derivatives are described in Caputo sense. First, the fractional differential equation has been solved and converted to power series by Adomian decomposition method (ADM), then power series solution of fractional differential equation was put into multivariate Padé series. Finally, numerical results were compared and presented in tables and figures.
Introduction
Recently, differential equations of fractional order have gained much interest in engineering, physics, chemistry, and other sciences. It can be said that the fractional derivative has drawn much attention due to its wide application in engineering physics [1] [2] [3] [4] [5] [6] [7] [8] [9] . Some approximations and numerical techniques have been used to provide an analytical approximation to linear and nonlinear differential equations and fractional differential equations. Among them, the variational iteration method, homotopy perturbation method [10, 11] , and the Adomian decomposition method are relatively new approaches [5-9, 12, 13] .
The decomposition method has been used to obtain approximate solutions of a large class of linear or nonlinear differential equations [12, 13] . Recently, the application of the method is extended for fractional differential equations [6] [7] [8] [9] 14] .
Many definitions and theorems have been developed for multivariate Padé approximations MPA (see [15] for a survey on multivariate Padé approximation). The multivariate Padé Approximation has been used to obtain approximate solutions of linear or nonlinear differential equations [16] [17] [18] [19] .
where is a linear operator which might include other fractional derivatives of order less than , is a nonlinear operator which also might include other fractional derivatives of order less than , * = / is the Caputo fractional derivative of order , and ( , ) is the source function [24] .
Applying the operator [3, 4, 22, 23] , the inverse of the operator * , to both sides of (5) Odibat and Momani [24] obtained
From this, the iterates are determined in [24] by the following recursive way:
. . .
Multivariate Padé Aproximation [25]
Consider the bivariate function ( , ) with Taylor series development
around the origin. We know that a solution of unvariate Padé approximation problem for
is given by
Let us now multiply th row in ( ) and ( ) by + −1 ( = 2, . . . , + 1) and afterwards divide th column in ( ) and ( ) by −1 ( = 2, . . . , + 1). This results in a multiplication of numerator and denominator by . Having done so, we get 
if ( = det , ̸ = 0). This quotent of determinants can also immediately be written down for a bivariate function ( , ). The sum ∑ =0
shall be replaced by th partial sum of the Taylor series development of ( , ) and the expression by an expression that contains all the terms of degree in ( , ). Here a bivariate term is said to be of degree + . If we define 
Then it is easy to see that ( , ) and ( , ) are of the form
We know that ( , ) and ( , ) are called Padé equations [25] . So the multivariate Padé approximant of order ( , ) for ( , ) is defined as
.
Numerical Experiments
In this section, two methods, ADM and MPA, shall be illustrated by two examples. All the results are calculated by using the software Maple12. The full ADM solutions of examples can be seen from Odibat and Momani [24] .
Example 1.
Consider the nonlinear time-fractional advection partial differential equation [24] 
subject to the initial condition
Odibat and Momani [24] solved the problem using the decomposition method, and they obtained the following recurrence relation [24] :
where are the Adomian polynomials for the nonlinear function = . In view of (15) , the first few components of the decomposition series are derived in [24] as follows:
and so on; in this manner, the rest of components of the decomposition series can be obtained [24] . The first three terms of the decomposition series are given by [24] ( , )
(17)
Now, let us calculate the approximate solution of (18) for = 4 and = 2 by using Multivariate Padé approximation. To obtain multivariate Padé equations of (18) for = 4 and = 2, we use (10). By using (10), we obtain 
So, the multivariate Padé approximation of order (4, 2) for (17) , that is,
For = 0.5 (17) is ( , ) = 1.128379167 0.5 − 0.9577979850
For simplicity, let 1/2 = ; then ( , ) = 1.128379167 − 0.9577979850
Using (10) 
recalling that 1/2 = , we get multivariate Padé approximation of order (6, 2) for (21) , that is, 
Using (10) to calculate the multivariate Padé equations and then recalling that 1/2 = , we get multivariate Padé approximation of order (49, 2) for (25) , that is, 
Abstract and Applied Analysis Odibat and Momani [24] solved the problem using the decomposition method, and they obtained the following recurrence relation in [24] :
where are the Adomian polynomials for the nonlinear function = . In view of (30), the first few components of the decomposition series are derived in [24] as follows: and so on; in this manner the rest of components of the decomposition series can be obtained.
The first three terms of the decomposition series (7) are given [24] by 
Now, let us calculate the approximate solution of (33) for = 4 and = 2 by using multivariate Padé approximation. To obtain multivariate Padé equations of (33) for = 4 and = 2, we use (10). By using (10), we obtain 
For simplicity, let 1/2 = ; then 
Using (10) to calculate multivariate Padé equations of (37) for = 7 and = 2, we use (10). By using (10), we obtain 
recalling that 1/2 = , we get multivariate Padé approximation of order (7, 2) for (36), that is, [7, 2] 
recalling that 1/4 = , we get multivariate Padé approximation of order (15, 2) for (40), that is, [15, 2] ( , ) = − 38.31567556 
Concluding Remarks
The fundamental goal of this paper has been to construct an approximate solution of nonlinear partial differential equations of fractional order by using multivariate Padé approximation. The goal has been achieved by using the multivariate Padé approximation and comparing with the Adomian decomposition method. The present work shows the validity and great potential of the multivariate Padé approximation for solving nonlinear partial differential equations of fractional order from the numerical results. Numerical results obtained using the multivariate Padé approximation and the Adomian decomposition method are in agreement with exact solutions.
